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Extension of EARFCN value range in GERAN
1 Introduction
The decision in RAN WG2 to extend the EARFCN value range and the number of E-UTRA frequency bands allows for an extension of the EARFCN value range from former maximum number 65535 to now 262143 and the number of E-UTRA frequency bands from former 64 operating bands to now 256 operating bands, i.e. an increase by a factor of 4.
GERAN WG2 has in previous meetings discussed how to support the EARFCN value range extension as agreed in RAN WG2 for UTRAN and E-UTRAN, thus at GERAN#59 an LS was sent to RAN WG4 [ref 1] describing 3 different proposals how to potentially support extension of EARFCN numbering space in GERAN. The essence of the 3 alternatives is basically the following:
1- Local mapping of EARFCN values in the extended range (>65535) to 16-bit encoded EARFCN code points in GERAN.
2- Modification of concerned SI and p-t-p messages so that 18-bit EARFCNs can be signalled.
3- Transition via an intermediate E-UTRA layer signalled with legacy 16-bit EARFCN encoding in GERAN.
After discussing the GERAN EARFCN extension issue at several RAN4 meetings, an LS reply [ref 2] was received at GERAN#62 with the following statement:

“RAN4 has discussed Alternatives 1, 2 and 3 outlined in the GERAN2 LS and would like to confirm the feasibility of Alternatives 1 and 2. RAN4 would like to ask GERAN2 to decide which of these two alternatives is to be specified.”
This contribution further discusses the two first alternatives (Alternative 1 and Alternative 2) as above and proposes a way forward.
2 Discussion

Impact from IRAT features
A Multiple Frequency Band Indicator (MFBI) solution was agreed at GERAN#61 in which the BSS sends one of the MS supported E-UTRA frequencies (i.e. an EARFCN reported by the multi-RAT capable MS to the BSS in the Measurement Report) to the eNB in the handover preparation message. The reason for sending the EARFCN to the eNB is that no E-UTRA capability information is transferred from GERAN to E-UTRAN during the handover procedure, thus the transferred EARFCN represents an operating frequency band supported by the multi-RAT capable MS.
Now since the handover preparation message (ref TS 36.331 definition of ue-SupportedEARFCN-r12) is already prepared for 18-bit EARFCN values, the 18-bit EARFCN reported by the MS according to the second alternative (Alternative 2) can be directly transferred by the BSS to the eNB in the handover preparation message without any need for a mapping function in the MS or in the BSS.
However, if GERAN is implementing the EARFCN extension proposal according to Alternative 1, i.e. the BSS and the MS make use of locally mapped 16-bit EARFCN values in their communication, a translation of the MS reported 16-bit EARFCN value to a 18-bit EARFCN value, which is only understood by the eNB, need to be done in the BSS prior to sending the 18-bit EARFCN to the eNB in the handover preparation message.

Another IRAT feature impacted by the EARFCN value range extension is the legacy IRAT feature Unnecessary IRAT Handover. This feature makes use of the IRAT Measurement Configuration IE, specified in TS 48.008 and TS 48.018, sent to GERAN at a CS/PS handover from E-UTRAN with the purpose to specify E-UTRA frequencies and measurement quantities to be reported back to the eNB in a HO Report (by means of RIM procedures). The IRAT Measurement Configuration IE as defined in current specifications may only contain 16-bit EARFCN values, hence the TS 48.008 HANDOVER REQUEST/TS 48.018 PS-HANDOVER-REQUEST messages need to be modified so that the messages can also include 18-bit EARFCN values when so required in the future. Since it is assumed that the eNB will only send “true” 16-bit and 18-bit EARFCN values in the handover messages to the BSS (according to designated EARFCNs in 3GPP TS 36.104), the change to TS 48.008 and TS 48.018 is expected to be required regardless which alternative solution is agreed in GERAN. Proposed changes to TS 48.008 and 48.018 are provided in GP-140xxx and GP-140yyy, ref [3] and [4].
With the Alternative 2 solution implemented in GERAN, the BSS may include the E-UTRA frequencies (corresponding to the 18-bit EARFCN values) received in the HANDOVER REQUEST/PS-HANDOVER-REQUEST messages directly into the p-t-p messages sent to the “extended EARFCN” capable MS, i.e. without the need to translate the 18-bit EARFCN values into locally mapped 16-bit EARFCN values before sending the E-UTRA frequencies to the MS. 
However, with the Alternative 1 solution implemented in GERAN, the BSS need to translate the 18-bit EARFCN values received in the HANDOVER REQUEST/PS-HANDOVER-REQUEST messages into locally mapped 16-bit EARFCN values before sending the E-UTRA frequencies to the MS.
Other concerns
An important issue not to be overlooked is the increased complexity and hence the implementation risk when introducing local GERAN mapping of EARFCN 16-bit values in the network and in the MS as according to the Alternative 1 proposal.

One major difference between mobile stations and the network in respect to implementation support of local EARFCN mapping is that the MS supporting EARFCN extension by means of local mapping only need to support the EARFCNs in the value range above 65535 for the E-UTRA frequency bands supported by the MS itself, i.e. the MS supported E-UTRA frequency bands as defined in the RAN spec TS 36.104 for a given release.
But a BSS of today, supporting a given 3GPP release (Rel-x), is not limited in respect to the E-UTRA frequency bands defined in TS 36.104 for the same 3GPP release. Since the legacy EARFCN value range is fixed (0-65535), an operator can introduce E-UTRA neighbor cells with frequency bands (EARFCNs) which are defined in later versions (Rel-x +) of TS 36.104, although the BSS in use in the operator’s network is compliant to Rel-x, as long as the EARFCNs corresponding to the introduced E-UTRA neighbor cells are defined with a value within the allowed value range for EARFCNs.

If a solution according to Alternative 1 is implemented and regular updates of the BSS mapping table is to be avoided, the BSS supporting EARFCN extension and local mapping needs to perform EARFCN mapping of not just the E-UTRA frequency bands (with EARFCN values above 65535) defined in the RAN spec Rel-x for which the BSS is compliant to, but also for all of the E-UTRA frequency bands (with EARFCN values above 65535) in later (Rel-x +) versions of TS 36.104.
As such, it will be very unlikely to avoid regular updates of the BSS mapping table since it is not reasonable to expect that a network compliant to the most recent specification release will somehow be able to anticipate all later EARFCN related changes to the specifications.
The proposal as presented in TSG WG4 by supporting companies to Alternative 1 only claims that “a mapping table shall be specified” without defining in detail how and where the 16-bit EARFCN mapping table shall be kept, which value range to be used and how it shall be maintained in a predictable and unambiguous way, i.e. to secure the same implementation of a mapping table in the mobile stations and in the BSS and to avoid regular mapping table updates in the BSS.
Another aspect with the Alternative 1 proposal is that it is partly based on re-using (for local mapping) 16-bit EARFCNs from E-UTRA frequency bands today defined in regions in which GERAN is not deployed. This approach is not recommended (not even by RAN4) as no one can guarantee that an E-UTRA frequency band currently deployed in a region where GERAN is not supported will also remain so in the future.
It has also been claimed that the solution according to Alternative 2 would have a negative impact to all mobile stations in a GERAN cell (i.e. including legacy mobile stations) in respect to BCCH acquisition time (see [5]). This statement might be true if a new SI message was defined in the GERAN specs in support of Alternative 2. However, if the E-UTRA frequencies corresponding to the 18-bit EARFCN values can be broadcasted by means of an existing SI message (as proposed below in section 3) then the impact to legacy mobile stations from Alternative 2 will not be different compared to Alternative 1.
In fact the impact to legacy mobile stations from the proposal in Alternative 2 will be less compared to the proposal according to Alternative 1 when considering the following example.
Table 1 below indicates the number of bits in SI2quater that will not be understood by a legacy MS not supporting “extended EARFCN”, i.e. EARFCN > 65535.

In the Alternative 1 solution, the EARFCN > 65535 corresponds to a mapped 16-bit EARFCN value and in the proposed solution for Alternative 2, the EARFCN > 65535 corresponds to a reserved EARFCN value (65535) that indicates broadcast of EARFCN > 65535 in the SI23 message (see further Proposed solution in section 3.1).
Table 1: Size utilization of SI2quater when EARFCNs > 65535 is included 
	Number of EARFCN > 65535 broadcasted in SI2q
	1 x EARFCN > 65535
	2 x EARFCN > 65535
	4 x EARFCN > 65535

	Alternative 1
	1x[1+16+1]+1+8 = 27 bits
	2x[1+16+1]+1+8 = 45 bits
	4x[1+16+1]+1+8 = 81 bits

	Alternative 2
	1x[1+16+1]+1+8 = 27 bits
	1x[1+16+1]+1+8 = 27 bits
	1x[1+16+1]+1+8 = 27 bits


NOTE: figures provided for the Alternative 1 solution are the lowest possible values, assuming that:
 
-
All EARFCN > 65535 share the same THRESH_E-UTRAN_high value.

-
No Measurement Bandwidth, E-UTRAN_PRIORITY, THRESH_E-UTRAN_low and E-UTRAN_QRXLEVMIN fields are provided for these EARFCNs.

It is obvious from the table 1 above that regardless how many EARFCNs in the value range above 65535 are broadcasted by the network, only 27 bits will be reserved (thus not understood by a legacy MS) in the SI2quater message for the Alternative 2 solution, while for the Alternative 1 solution the number of wasted bits will increase with at least 18 bits (see NOTE above) for each EARFCN > 65535.
In other words, the more E-UTRAN frequency bands corresponding to EARFCN > 65535 that are broadcasted in the SI2quater message, the higher risk for an “overflow” within a message instance, forcing the network to include another message instance into the SI2quater message.

This will for sure have an impact to the BCCH acquisition time for a legacy mobile station.
The negative impact to legacy mobile stations will hence be larger from Alternative 1 compared to Alternative 2 when the network is broadcasting more than one (1) EARFCN > 65535 in the SI2quater message.

Yet another important issue to consider with Alternative 1 is the MS legacy behavior when receiving a locally mapped 16-bit EARFCN value in System Information messages, defined as an uplink FDD E-UTRA frequency in TS 36.104, i.e. in this context the 16-bit EARFCN value represents an incorrect E-UTRA frequency and not just an unsupported E-UTRA frequency. The assumption that all pre-Release-11 mobile stations will simply ignore an EARFCN value defined as an uplink FDD E-UTRA frequency without any unknown side effects in the MS can most likely not be guaranteed.

In other words, broadcasting of incorrect E-UTRA frequencies in SI messages may in the worst case obstruct large groups of subscribers from performing inter-RAT mobility from GERAN to E-UTRAN.
In contrast to Alternative 1, the proposal according to Alternative 2 allows for an EARFCN extension with the same quadrupling of capacity (value range) as agreed in RAN WG2 for UTRAN and E-UTRAN. In other words, Alternative 2 conveys a complete future-proof solution which does not need to be adapted and maintained as in the case with the Alternative 1 solution as discussed above.
3 Proposed solution
The solution as proposed in this document, and which corresponds to Alternative 2, has the following implications to GERAN specifications:
MS in idle mode
· Extend the legacy 16-bit EARFCN field in the SI23 message by 2 bits, thereby providing a quadrupling of the EARFCN value range as per the RAN2 agreement for EARFCN value range extension for E-UTRAN/UTRAN. A multi-RAT capable MS that supports extended EARFCN value range in GERAN (i.e. 18-bit EARFCN values) shall acquire E-UTRAN neighbor cell information from the SI23 message regardless if the MS supports Network Sharing or not.
This change implies that a multi-RAT capable MS supporting Network Sharing (i.e. a MS that supports PLMN-specific IRAT cell reselection to E-UTRAN) will need to support 18-bit EARFCN values in the SI23 message.
·  the method by which a multi-RAT capable MS that supports extended EARFCN value range in GERAN discovers the presence of SI23 is proposed to be based on:
- legacy mechanisms in SI22 message (SI23 Indicator field) if the network and the multi-RAT capable MS supports network sharing and,
- a reserved EARFCN value in SI2quater (e.g. the last EARFCN value in the legacy value range (= 65535)) that would not be understood by a legacy MS (i.e. an MS incapable of understanding extended EARFCN value range in GERAN) but would be understood to mean that SI23 is present by a multi-RAT capable MS that supports extended EARFCN value range in GERAN.
Note that a similar solution is already agreed in RAN2 for E-UTRAN. In TS 36.331 the EARFCN value 65535 is defined to indicate to the mobile station that the EARFCN for this instance should be read from the corresponding IE containing the 18-bit EARFCN value. Consequently, it also means that TSG RAN4 will never define EARFCN = 65535 for any UL or DL frequency bands in the future.
·  The multi-RAT capable MS supporting extended EARFCN value range in GERAN and Network Sharing shall then acquire E-UTRAN neighbor cell information (using 18-bit EARFCN values) from SI23.
· The multi-RAT capable MS supporting extended EARFCN value range in GERAN but not Network Sharing shall acquire E-UTRAN neighbor cell information from SI23 (using 18-bit EARFCN values) and UTRAN neighbor cell information from SI2quater.
· If the network supports extended EARFCN value range in GERAN but not Network Sharing, only the SI23 message will be broadcast (i.e. the SI22 message will not be broadcast in this scenario).
In case the network does not support Network Sharing and extended EARFCN value range in GERAN, a multi-RAT capable MS that supports extended EARFCN value range in GERAN will behave as a legacy MS monitoring 16-bit EARFCN values from SI2quater.

Proposed changes to TS 45.002, TS 45.008 and 44.018 are provided in GP-140495, GP-140497 and GP-140zzz, ref [6], [7] and [8].

MS in connected mode
· A multi-RAT capable MS that supports extended EARFCN value range in GERAN will indicate this in the MS Classmark 3 and MS Radio Access capability IE’s to the network.
· The network may send p-t-p messages on SACCH, FACCH and PACCH that include 18-bit EARFCN values only if the MS indicates support for extended EARFCN value range in GERAN in MS Classmark 3 and MS Radio Access capability IE’s.

·  The proposed change to the concerned p-t-p messages involves an addition of a Rel-11 extension containing a new 18-bit EARFCN structure. The multi-RAT capable MS supporting extended EARFCN value range in GERAN will then build its E-UTRA neighbor cell list from the 18-bit EARFCN structure instead from the legacy 16-bit EARFCN structure.
·  The messages impacted by the changes are: Measurement Information, Channel Release, Packet Measurement Order, Packet Cell Change Order, Packet Cell Change Notification and Packet Cell Change Failure.

Proposed changes to TS 44.018, TS 44.060 and TS 24.008 are provided in GP-140zzz, GP-140618 and GP-140614, ref [8], [9] and [10].
4 Conclusions

Although the impact to GERAN signalling from the EARFCN extension proposal in Alternative 2 seems rather comprehensive at a first glance, the corresponding changes are rather straight forward without any complicated implications for the BSS or the mobile stations. Once the signalling changes are in place, the communication between the MS, BSS and eNB in respect to EARFCN will be completely future-proof hence requiring no further changes or adaptations in the BSS or elsewhere.
In addition, Alternative 2 provides a fully transparent solution since the same 18-bit EARFCN value, for a given E-UTRA frequency in a given frequency band, is signaled within and between all RATs when the same E-UTRA frequency is addressed.

From O&M perspective as well as from test/trouble shooting point of view, this is to be viewed as a substantial benefit.
Implementing and maintaining a mapping table in the network and in the mobile stations as required according to Alternative 1 introduces a complexity that brings an implementation risk into the BSS and into the mobile stations (this will be avoided with the Alternative 2 solution).
The claim that Alternative 2 will have a negative impact on legacy mobile stations in respect to BCCH acquisition time is not correct. In fact the opposite has been proven in section 2.2. If the network is broadcasting more than one (1) EARFCN > 65535 in the SI2quater message, the negative impact to legacy mobile stations will be larger from Alternative 1 compared to Alternative 2 (and will continue to get larger as the number of EARFCNs > 65535 included in the SI2quater message increases).
It is also worth mentioning that the changes according to Alternative 2 are all within the control of TSG GERAN, while the changes requested for Alternative 1 to work, fully relies on TSG RAN4 understanding and acceptance.
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